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PMM GV in NL: 
synergy of 
dedicated and 
opportunistic 
sensors



Rainfall observations in The Netherlands

Room for
opportunistic

sensors

(~1 per 1000 km2) (~1 per 100 km2) (~1 per 1 km2)



Ruisdael Observatory @ Cabauw (NL)



The Dutch, clouds and precipitation ...

§ Jacob Ruisdael, 
View of Haarlem 
with Bleaching 
Grounds (1665)



Rainfall observations @ Ruisdael



Claudia



Precipitation research community
in The Netherlands



(Victoria Roberts, 2000)

PWS – Personal 
weather stations 
as opportunistic 
rainfall sensors



Urban areas: more personal weather 
stations (PWS) than official rain gauges

(De Vos et al., 2017)

Lotte



Netatmo tipping bucket rain gauge

(De Vos et al., 2017)



Validation of Netatmo stations at Cabauw

(De Vos et al., 2017)



Double mass plots (PWS versus radar)

(De Vos et al., 2017)



(Victoria Roberts, 2000)

The advent of 
opportunistic 
sensing of our 
environment



Rapid growth cellular telecommunication
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10 GHz 30 GHz

b in R = akb

a in R = akb

(Leijnse et al., 2008)

(power-law relations between rain rate R and extinction k)



Rainfall retrieval in Amsterdam (08-30-12)



Density and availability of link network

(Overeem et al., 2015)(Rios Gaona et al., 2015)



Microwave links versus radar + gauges

(Overeem et al., 2016)Aart



(Victoria Roberts, 2000)

Comparison of 
different rainfall 
products for The 
Netherlands



Links and gauges vs. weather radar

(Overeem et al., 2016)



IMERG vs. gauge-adjusted weather radar

Manuel

(Rios Gaona et al., 2016)



IMERG vs. gauge-adjusted weather radar

(Rios Gaona et al., 2016)



IMERG vs. gauge-adjusted weather radar

(Rios Gaona et al., 2016)



Adding microwave links to the picture

(Rios Gaona, 2017)



... as well as two MSG IR+VIS products

(Rios Gaona, 2017)



Rainfall observations in The Netherlands

Room for
opportunistic 

sensors



(Victoria Roberts, 2000)

Meteorological 
and hydrological 
PMM GV



Wageningen Urban Rainfall Experiment

(Van Leth, 2015)

(Overeem, 2015)

Tommy



Backbone: 2.2 km multi-frequency link

§ Scintec BLS 900 NIR 
scintillometer

§ Nokia 38 GHz (former 
operational T-Mobile link)

§ RAL 38 GHz dual-pol 
differential phase link

§ RAL 26 GHz link

§ 1-min time lapse cameras
§ All signals logged at 20 Hz

FORUM BIOTECHNION

(Van Leth, 2015)



Ground truth: 5 Parsivel disdrometers*

BIOTECHNIONFORUM FORUM

NVWA

Précis Méchanique
raingauge (Van Leth, 2015)

*courtesy of A. Berne, EPFL



Hydrological impact Hupsel Brook

(Brauer et al., 2016)



Propagation of rainfall errors in catchment

(Brauer et al., 2016)



(Victoria Roberts, 2000)

Conclusions and 
outlook



Potential complementary source of 
information over poorly gauged regions

(Overeem et al., 2016)



Crucial: agreement with telecom company 
to get access to received signal level data

(Gosset, 2017)

(Niamey, Niger)



First measurements on African continent

§ Doumounia et al. (2014, GRL)



Country-wide rainfall map for Cameroon

(Gosset, 2017)



Raincell Africa Training School

§ Ouagadougou, Burkina Faso, 30 March – 2 April 2015

(Gosset et al., 2016)



India can likely be added to this map

(Van het Schip et al., 2017)



Semi-operational applications

§ https://www.climacell.co/
§ https://www.smhi.se/en/services/professional-

services/micro-weather-live-data/



Some relevant reports
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